ABSTRACT Aims/Introduction: Metabolic unhealth can be defined by the components of metabolic syndrome, which is closely connected to insulin resistance. We aimed to determine a simple index to identify metabolic unhealth in the Chinese adult population. Materials and Methods: A total of 30,291 individuals were screened from the China National Diabetes and Metabolic Disorders Study carried out from June 2007 to May 2008. Metabolic unhealth was defined using components of metabolic syndrome, except waist circumference. We compared the three surrogate indices of insulin resistance: the product of fasting triglycerides and glucose (TyG), triglycerides divided by high-density lipoprotein cholesterol and the metabolic score for insulin resistance for the evaluation of metabolic status. Results: All indices had high sensitivity and specificity for the identification of metabolic unhealth, especially the TyG index with an area under the curve of 0.863 for men and 0.867 for women. Participants were divided into subgroups for further analysis. The TyG index also showed high diagnostic values, especially for younger individuals and men with normal waist circumference. Sex-specific cut-offs for three indices were also used to define metabolic unhealth. The TyG index showed the highest agreement with j values of 0.603 and 0.605 for men and women between the components of metabolic syndrome and three indices. Conclusions: We propose that the TyG index, just read in one blood laboratory test report, is simpler and more suitable for the identification of metabolically unhealthy individuals as well as who have high risk of cardiometabolic diseases of the Chinese adult population.
INTRODUCTION
Obesity is a strong risk factor for a series of cardiometabolic diseases worldwide, such as diabetes, hypertension and metabolic syndrome (MetS). 1 Body mass index (BMI) is the most widely used indicator of obesity, although it might not accurately evaluate the degree of fat accumulation. 2 Interestingly, not all obese individuals show the aggregation of metabolic and cardiovascular risk factors. In addition, not all lean individuals present with a healthy metabolic and disease-free phenotype. 3 Therefore, two subgroups of obesity have received increasing interest in recent years: metabolically unhealthy normal weight individuals and metabolically healthy obese individuals. The former present with insulin resistance (IR) and/or hyperinsulinemia, hypertriglyceridemia or hypertension, and have a high risk of cardiovascular disease and type 2 diabetes mellitus. [4] [5] [6] [7] [8] [9] The latter group shows high insulin sensitivity, a lower level of fat accumulation associated with metabolic abnormalities, and a low prevalence of hypertension, hyperlipidemia and hyperglycemia. 3, [10] [11] [12] However, there is a lack of a consensus on the definition of metabolic unhealth. The components of MetS are used to define metabolic abnormalities in most studies, [13] [14] [15] [16] [17] and it is reported that metabolically healthy and metabolically unhealthy phenotypes can be present in any individual independent of BMI. 18 MetS appears to be caused by a complex array of cross-connected mechanisms, and IR seems to play an important role. 19, 20 Direct estimation of individual IR demands diagnostic tests that have considerably high costs and low availability for epidemiological use. 21 Therefore, it is necessary to determine a simple diagnostic criterion to identify individuals in the early stages of metabolic abnormality and with a high risk of cardiometabolic diseases to intervene as early as possible. Because of this connection, we hypothesize that metabolic abnormalities can be assessed based on the degree of IR.
The homeostasis model assessment for insulin resistance (HOMA-IR) index is the most widely used to evaluate the degree of IR. 22 Because insulin testing is expensive, the product of fasting triglycerides (TG) and glucose (TyG) has been utilized as an alternative for estimating IR. 23 Furthermore, the plasma concentration ratio of TG/HDL, TG divided by highdensity lipoprotein cholesterol (HDL-C), has been suggested as a useful surrogate index of insulin action. 24, 25 In addition, the metabolic score for IR (METS-IR) has been reported as a novel index for the evaluation of cardiometabolic risk in healthy and at-risk individuals, and as a promising tool for screening insulin sensitivity. 26 Previous studies have shown that only HOMA-IR and TyG are involved in identifying metabolically unhealthy individuals. Wildman et al. used the modified criteria of MetS to replace waist circumference (WC) combined with IR status defined by HOMA-IR to identify metabolically healthy or unhealthy individuals, 17, 27 and this definition is now used widely. 16, 18 Furthermore, Korean studies [28] [29] [30] have shown that the TyG index is a useful marker for the identification of individuals with metabolic disorders. However, the value of the degree of IR as an index of metabolic abnormalities in the Chinese population remains to be established. Therefore, in the current study, we aim to compare the three common surrogate indices of IR (TyG, TG/HDL and METS-IR) for the evaluation of metabolic status in the Chinese adult population. Based on our analyses, we propose a simpler and more suitable index for the identification of metabolically unhealthy individuals in the Chinese adult population.
METHODS

Participants
Data were obtained from the China National Diabetes and Metabolic Disorders Study, a nationwide population-based cross-sectional survey carried out from June 2007 to May 2008. Participants were residents aged >20 years using a multistage stratified sampling method. The final response rate was 87.3%, with a total of 46,239 participants from 17 study group field centers completed the survey. The details of the study have been described elsewhere. [31] [32] [33] [34] [35] [36] Complete data were not available for all participants. For that reason, we screened participants by BMI, WC, fasting plasma glucose, fasting plasma insulin, systolic blood pressure, diastolic blood pressure, serum TG, serum HDL-C and serum low-density lipoprotein cholesterol. A total of 37,122 individuals (14,579 men and 22,543 women) were screened further. Individuals might present with normal blood glucose, serum lipid and blood pressure levels after treatment for hyperglycemia, hypertension or hyperlipidemia; and a census-linked cohort study with up to 32 years of follow up showed that the increased mortality risk for underweight people is mainly as a result of an increased mortality risk from external causes -not cancer, or cardiovascular or respiratory diseases. 37 Therefore, a total of 6,831 individuals were excluded because they were taking medication to treat hyperglycemia, hypertension or hyperlipidemia, and a BMI <18.5. However, individuals with known hyperglycemia (hypertension, hyperlipidemia), but not taking medication were included in the present study, because they were newly diagnosed patients, and the indices of the study were suitable for these people. After all exclusion criteria were applied, a total of 30,291 individuals (11,984 men and 18,307 women) were enrolled in the study. The China National Diabetes and Metabolic Disorders Study was approved by the institutional review boards of 17 participant centers. Written informed consent was obtained from each participant before data collection. Institutional review board approvals covered every participant in the study.
Data Collection
Standardized questionnaires were used to collect demographic characteristics, personal medical history, family history of diseases and lifestyle risk factors. Cigarette smoking was defined as having smoked >100 cigarettes during the participant's lifetime. If an ex-smoker had smoked >100 cigarettes, he/she was classified as a smoker. Alcohol drinking was defined as the consumption of at least 30 g of alcohol per week for ≥1 year. Physical activity was defined as participation in moderate or vigorous activity for a period of ≥30 min at least 3 days per week. Socioeconomic status, educational level, occupation and income were also recorded.
For the collection of anthropometric data, participants were required to remove shoes and socks, and wear light clothing for the measurement of bodyweight, height (BMI = bodyweight [kg] / body height [m]²) and body fat content (measured by bioelectric impedance analysis; Tanita, Tokyo, Japan). WC was measured at the mid-point between the costal margin and the iliac crest. Blood pressure was measured using a standardized mercury sphygmomanometer in the sitting position after at least 5 min of rest. Two consecutive readings of blood pressure were taken on the same arm and the mean of the two measures was used for analysis.
After at least 8 h of overnight fasting, participants without a history of diabetes were subjected to a 75-g oral glucose tolerance test, whereas those with a history of diabetes were subjected to the steamed bread meal test for safety reasons that contained approximately 80 g of complex carbohydrates. Plasma glucose, TG, HDL-C, low-density lipoprotein cholesterol, total cholesterol and uric acid were analyzed enzymatically using an automated biochemical analyzer (MOD-ULAR-000GS; Roche, Basel, Switzerland). All laboratory measurements complied with the requirements of a standardization and certification program. 34 Definitions All participants were divided into three groups using BMI for Chinese men and women as the criteria 38 : normal weight (BMI 18.5-23.9 kg/m²), overweight (BMI 24.0-27.9 kg/m²) and obese (BMI ≥28.0 kg/m²). According to the Chinese criterion of central obesity, we defined increased WC as >90 cm in men and >85 cm in women.
Participants were diagnosed with MetS based on the presence of more than three of the following criteria defined by the harmonized International Diabetes Federation Participants were classified according to metabolic status based on the four metabolic parameters, 13, 15, 39 also used in other studies: elevated blood pressure, impaired fasting glucose or diabetes, low HDL-C concentration and hypertriglyceridemia. The metabolically healthy state was defined as the presence of none or one of the metabolic factors, whereas the metabolically unhealthy state was defined as the presence of two or more metabolic factors.
The TyG was calculated as Ln [fasting triglycerides (mg/ dL) 9 fasting glucose (mg/dL) / 2]. 23, 40 The TG/HDL was defined as TG divided by HDL-C. 24 The METS-IR was defined as Ln [(2 9 fasting glucose) + TG] 9 BMI) / (Ln[HDL-C]). 26 Statistical Analysis All data were analyzed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Quantitative data were expressed as the mean -standard deviation. Two-sample comparisons were carried out using ttests for normally distributed measurement data, whereas nonnormal distributed continuous variables were compared using the Mann-Whitney U-test. Categorical variables were expressed as the number of total cases (n) and percentages (%), and compared using the v 2 -test. Receiver operating characteristic (ROC) curves were used to analyze the diagnostic value of IR surrogate indices for metabolically healthy or unhealthy status, and to determine the optimal cut-offs. The diagnostic value of all indices was compared by the Z-test. The highest Youden's Index was used to determine the optimal diagnostic cut-off. All analysis of ROC curves was carried out using MedCalc Statistical Software version 15.8 (MedCalc Software bvba, Ostend, Belgium). Diagnostic concordance between the components of MetS (except WC) and the TyG index was estimated using j values. P < 0.05 was considered to show statistical significance.
RESULTS
In total, 30,291 participants (11,984 men and 18,307 women) were enrolled in the present study, with a mean age of 43.26 -13.66 years (range 20-99 years). The demographic and clinical characteristics of the study participants are shown in Table 1 .
The ROC curve analyses confirmed the value of TyG, METS-IR and TG/HDL in identifying metabolic unhealth. As shown in Figure 1 and Table 2 Based on our preliminary findings, we selected the TyG index for further analysis. Participants were separated into two or three subgroups according to BMI (normal weight, overweight and obesity) and WC (normal and increased). The AUCs (95% CIs) showed no significant difference in BMI subgroups both men and women in any of the groups (Figure 2 and Figure 3) . The same results have been observed in WC subgroups of women. For men, however, the AUCs of individuals with normal WC (0.857, 95% CI 0.849-0.864) were higher than those with increased WC (0.839, 95% CI 0.826-0.851; Figure 2) . Furthermore, participants were divided into five age groups (participants aged 20-30, 31-40, 41-50, 51-60 and >60 years). We found that the AUCs (95% CIs) of age groups 20-30 years and 31-40 years outperformed other age groups for both men and women (Figures 2,3) . Furthermore, the cutoffs of TyG index for all groups varied from 8.72 to 8.84.
Therefore, the sex-specific thresholds for the TyG index (men 8.81, women 8.73), METS-IR (men 37.67, women 34.99) and TG/HDL (men 1.32, women 1.09; Table 2 ) were used to classify participants as metabolically healthy or metabolically unhealthy. Kappa statistics for the agreement of metabolically unhealthy individuals between the components of MetS (except WC) and all indices are shown in Table 3 . The j values of men and women were 0.603 and 0.605 with the highest agreement among three indices.
DISCUSSION
The present study was a nationwide survey carried out in China with a large sample size to ensure that the results are representative of this population. In this cross-sectional study, we directly Overall, we found that the TyG index outperformed other indices with the highest sensitivity and specificity and the largest AUCs (95% CIs) for the identification of metabolic unhealth. In a subgroup analysis, the TyG index also showed high AUCs and diagnostic values, especially for younger individuals and men with normal WC. Therefore, the clinical application of the TyG index is suitable for all people. Currently, there is still no universal consensus on the definition of metabolic status. The components of MetS are used to define metabolic disorders in many studies or are combined with HOMA-IR and C-reactive protein. [13] [14] [15] [16] [17] Multiple versions of diagnostic criteria for MetS have been proposed during its evolution, such as the criteria from the American Heart Association/National Heart, Lung and Blood Institute (revised Adult Treatment Panel III), 41 International Diabetes Federation 42 and Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention. 27 The Adult Treatment Panel III and International Diabetes Federation criteria have the same cut-offs of WC (90 cm for Chinese men and 80 cm for Chinese women) for central obesity, but the Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention criterion meets Chinese cut-offs for central obesity with WC >85 cm for men and >80 cm for women. All criteria, however, have the same values and conditions for other components of MetS. Furthermore, the components of MetS (except WC) are widely utilized in clinical settings. 13, 15, 39 To ensure that the present findings were applicable to more populations, participants were classified according to metabolic status based on the four widely utilized metabolic parameters. In addition, IR is a hallmark of obesity, diabetes and cardiovascular diseases, and leads to many of the abnormalities associated with MetS. 19, 20 Because testing for insulin sensitivity is expensive, the use of surrogate markers to assess insulin resistance might help to maximize medical resources, while minimizing costs and inconvenient side-effects for both clinical practice and epidemiological purposes. Thus, one of the notable advantages of the current study is that we compared the diagnostic capacity of the IR surrogates, TyG, TG/HDL and METS-IR, for identifying metabolically unhealthy individuals. The elements of all indices are significant components or highly correlated with the definition of metabolic unhealth in the present study. Although the TyG index is determined on the basis of just two parameters of easily obtained routine clinical laboratory data, it had the highest value for the identification of metabolically unhealthy individuals. Interestingly, although MetS-IR is determined on the basis of four parameters connected closely with metabolic disorders for Mexican individuals, the value of this index for the identification of metabolic unhealth was unremarkable, possibly because of racial and population differences, such as BMI and WC. Furthermore, in Figure 1 , the curve of the TyG index was similar to the TG/HDL, except for the area nearing the cut-off. In Table 2 , however, the AUCs (95% CIs) of the TyG index was significantly larger than the TG/HDL (P < 0.0001).
The TyG index was first reported as a surrogate of HOMA-IR for identifying IR in apparently healthy individuals in 2008. 23 Subsequently, Fernando et al. compared the TyG index with the euglycemic-hyperinsulinemic clamp test, and suggested that TyG could be useful for the identification of individuals with decreased insulin sensitivity in 2010. 40 A series of cohort and cross-sectional studies confirmed a strong correlation between the TyG index and IR, 43 type 2 diabetes mellitus, 30, [44] [45] [46] MetS, 47 hypertension, 48 cardiovascular events 49 and fatty liver 50-52 both in China and elsewhere. Published studies have shown that the TyG index is helpful for the prediction and early identification of individuals at high risk of cardiometabolic diseases.
A Korean study by Lee et al. 29 published in 2014 was the first to show that the TyG index is a useful marker for the identification of individuals with distinct metabolic characteristics within similar BMI ranges. In that study, "metabolic obesity" was defined as those individuals falling into the highest HOMA-IR quartile, and they selected non-diabetic participants for further analysis. Another study 28 also showed that TyG is a simple diagnostic criterion for the identification of individuals with a higher risk of metabolic diseases in non-diabetic and normal weight individuals. That study used ROC analysis to determine the cut-off value of the TyG index (8.82 for men and 8.73 for women) for the identification of metabolically Table 2 ). Furthermore, Lee et al. 52 suggested that the predictive value of the TyG index for diabetes was comparable with the predictive value of metabolic health, which was defined by the components of MetS and HOMA-IR (>90th percentile). The main difference in these studies was the definition of metabolic unhealth, which we defined according to the components of MetS (except WC). 13, 15, 39 Although the risk and prevalence of metabolically unhealthy individuals varies considerably according to the criteria used, 15, 16 both metabolically healthy and unhealthy obese patients carried an elevated risk of mortality. These findings show that BMI still plays an important role in metabolically unhealthy individuals, especially in populations with higher BMI. A difference also exists, however, in population selection, and we considered only participants not taking medication for hyperglycemia, hypertension or hyperlipidemia, and a BMI ≥18.5. In fact, there were 3,775 (10.1% of 37,122 total participants) participants with diabetes, but just 1,278 (33.9% of participants with diabetes) admitted that they had diabetes and received treatment (data not shown). It was noteworthy that nearly two-thirds of the participants were unaware of their abnormal metabolism for glucose, and these individuals attracted our attention.
The current study was a well-designed population-based survey with a large number of participants representing the general Chinese population. Nevertheless, some limitations should be acknowledged. First, we did not establish the causal relationship or clinical outcomes associated with the TyG index and metabolic status to determine whether or not the TyG index is a suitable predictive marker of cardiometabolic diseases. Second, the menopausal status of women was not determined in the survey. We were, therefore, unable to analyze the differences between pre-and post-menopausal populations. Third, misclassification of participants was possible, because we used just four components of MetS to define previously confirmed metabolically unhealthy status. 13, 15, 39 Finally, because all participants in the present study were Chinese men and women, the applicability of our findings to other ethnic groups is uncertain.
In conclusion, by comparing common surrogate indices of IR, we provide evidence supporting the use of the TyG index to identify metabolically unhealthy individuals. Therefore, we propose that the TyG index is simpler and more suitable for the identification of metabolically unhealthy individuals and those who have a high risk of cardiometabolic diseases in the Chinese adult population. 
